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Description 



Induction Heater 



Field of the Invention 
The present invention relates to an induction heater for inductively 
heating a load composed substantially of metallic material. 



When a load having a light weight, such as a pot or pan made of 
non-magnetic metallic material having a small resistance, such as aluminum 
is heated inductively by a high-frequency magnetic field for heating and 
cooking an object contained in the load, the load receives an ascending force 
generated by eddy currents induced by the magnetic field over a heating coil. 
This force may lift up the load or displace the load laterally during the 
cooking. 

Japanese Patent Laid Open Publication No.2001-332375 discloses a 
conventional induction heater. In the conventional heater, while an output 
for heating gradually increases from a small level at the starting of the 
heating to a predetermined level, a change of a source current is monitored 
to find the lifting and displacement of a load. If the displacement of the load 
is found, the conventional induction heater performs a control, such as 
stopping its heating action or decreasing its input power. 

Fig. 4 is a schematic view of the conventional induction heater. An 
inverter 101 drives a switching element included therein to allow a heating 
coil 102 to generate a high-fi-equency magnetic field of 50 to lOOkHz as to 
inductively heat a load 103 made of aluminum. An heating output is 
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changed by controlling a frequency of the driving the switching element. 

Figs. 5A and 5B illustrate a change with time of a power consumed for 
the inductive heating of the load 103 with the heating coil 102 after the 
starting of the heating (an input power to the heating coil 102) and a change 
5 with time of the source current input to the inverter 101, respectively. 
According to an increase of the input power to the heating coil 102, i.e., a 
heating output of the inverter 101, the source current increases. According 
to the increase of the source current, the ascending force generated by the 
magnetic field from the heating coil 102 increases, accordingly lifting up the 

10 load or moving the load laterally at time PO. Thus, the load departs firom 
the heating coil 102, and the power input to the heating coil 102 accordingly 
decreases after the time PO. Thus, the gradient of the increase with time of 
the power input to the heating coil 102 or the source current becomes smaller 
than that before the time PO. 

15 The value of the source current (peat value or effective value) is 

measured by a detecting circuit 104. Upon the detecting circuit 104 
detecting a change with time of the source current, the inverter 101 stops the 
heating of the load or reduces the input power, thereby preventing the lifting 
or displacement of the load. 

20 The conventional induction heater can detect the lifting or 

displacement of the load at the start of the heating. In other words, the load 
is not displaced at the start of the heating, thus being hieated. The weight of 
the load may decrease after a long period of time after the start, for example, 
after water in the load is evaporated or food contained in the load. In this 

25 case, the conventional induction heater may fail to detect the change of the 
weight and continue to heat the load, thereby lifting the load or displacing 
the load. 



Summary of the Invention 

An induction heater is operable to inductively heat a load made of 
non-magnetic, metallic material having a small resistance. The induction 
heater includes a heating coil operable to inductively heat the load with a 
magnetic field, a high-frequency power source supplying a high-fi-equency 
current to the heating coil, a heating output detector for detecting a heating 
output of the heating coil, a first detector operable to measure a period of 
time from a time the heating output drops to a first level smaller than a 
predetermined level, to a time the heating output increases to a second level, 
and, a controller operable to control the high-frequency power source 
according to the heating output detected by the fixst detector so that the 
heating output becomes the predetermined level. The controller is operable 
to control the high-fi-equency power source by detecting, based on the 
measured period, a displacement of the load due to the magnetic field. 

The induction heater detects detecting lifting or displacement of the 
load by an ascending force, thereby stopping or reducing a heating output. 
The lead, even being made of non- magnetic, metallic material having a small 
resistance, such as aluminum or copper, can be inductively heated by the 
induction heater while being prevented from lifting or displacement. 

Brief Description of the Drawings 

Fig. 1 is a schematic view of an induction heater according to an 
exemplary embodiment of the present invention. 

Fig. 2 illustrates a waveform of an output of a heating output detector 
of the induction heater according to the embodiment. 

Fig. 3 illustrates a waveform of another output of the heating output 
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detector of the induction heater according to the embodiment. 

Fig. 4 is a schematic view of a conventional induction heater. 
Fig. 5A shows characteristics of the conventional induction heater. 
Fig. 5B shows characteristics of the conventional induction heater. 

Description of the Preferred Embodiment 
Fig. 1 is a schematic view of an induction heater according to an 
exemplary embodiment of the present invention. A case 10 includes a 
ceramic plate 10a provided at a top thereof. A load 3 is placed on the 
ceramic plate 10a. An inverter 1 is accommodated in the case 10. A 
heating coil 2 is located beneath the ceramic plate 10a. The inverter 1, a 
high frequency power source, converts a direct current input thereto into a 
high frequency souse and supplies a high frequency output of 50 to lOOkHz 
to the heating coil 2. The inverter 1 is connected to a commercial power 
source (not shown) of a available frequency. The high-frequency source may 
be a simple converter for converting a commercial alternate current input of 
a low frequency into a high frequency output without rectifying the alternate 
current- 

A heating output detector 4 measures a heating output from the 
inverter 1, i.e., a power consumed by the heating coil 2 and the load 3. 
According to this embodiment, the heating output detector 4, similarly to 
detecting circuit 104 shown in Fig. 4, measures the input current received 
from the commercial power source in order to indirectly detect the heating 
output of the inverter 1 and outputs a signal accordingly. A heating output 
controller 5, in responsive to the signal from the heating output detector 4, 
controls on/off operation of a switching element of the inverter 1 to determine 
the heating output of the inverter 1, so that the output of the inverter 1 
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becomes a predetermined level, or the voltage or current applied to 
components of the inverter 1 does not exceed a predetermined level in order 
to protect of components of the induction heater. 

A first detector 6, in responsive to a detection signal fi-om the heating 
5 output detector 4, examines the situation of the load after the heating output 
of the inverter 1 becomes stable. More particularly, the first detector 6 
examines whether or not the load on the ceramic plate 10a above the heating 
coil 2 is lifted and displaced by an ascending force, and outputs a signal to 
the heating output controller 5, a display 7, and a notifying unit 8. A second 

10 detector 9, in responsive to a signal output fi-om the heating output detector 
4, examines the situation of the load before the heating output becomes 
stable after the starting of the inverter 1. More particularly, the second 
detector 9 examines whether or not the load on the ceramic plate 10a above 
the heating coil 2 is lifted and displaced by an ascending force, and 

15 accordingly, outputs a signal to the heating output controller 5. 

A load detector 11 compares a current in the heating coil 2 measured by 
a current transformer 12 with a current input to the inverter 1 measured by 
the heating output detector 4. If the current in the heating coil 2 is greater 
than the current input to the inverter 1, the load detector 11 judges that the 

20 load 3 does not exist at a heating position (i.e., there is no load), or that a 
small load (such as a knife or fork) exists at the heating position. The load 
detector 11 instructs the controller 5 to stop the heating, and after a 
predetermined period of time (for example, two seconds), starts the detecting 
of the small load again. 

25 An operation of the induction heater according to the embodiment 

heating a load 3 made of material having a small resistance and a small 
magnetic permeable coefficient, such as aluminum or copper will be 



described (the resistance of aluminum is 2.75xlO'SQ* m). In order to 
generate a joule energy by inductively heating the load 3 of such 
non-magnetic material having a small resistance and a small permeable 
coefficient, a large current is supplied to each of the load 3 and the heating 
coil 2. A magnetic field generated by the heating coil 2 and an eddy current 
induced to the load 3 act on each other and produce an ascending force acting 
on the load 3 accordingly, thereby often lifting or displacing the load. 
According to this embodiment, the material having the small resistance and 
the small magnetic permeable coefficient is material possibly causing the 
load 3 to be lifted or displaced by the magnetic filed generated by the heating 
coil 2 when the load 3 is heated. When the induction heater of the 
embodiment is turned on by a user inputting a heating command through an 
operation unit (not shown) of the heater, heating output controller 5, 
similarly to the conventional induction heater shown in Figs. 4, 5A, and 5B, 
gradually increases the heating output of the inverter 1 from a small level to 
a predetermined level while monitoring the detection signal output from the 
heating output detector 4. 

When detecting a change of an increase with time of the current input 
to the inverter 1, as shown in Fig. 5B, the second detector 9 judges that the 
load 3 is lifted or displaced by the magnetic field generated by the heating 
coil 2 and the cvirrents induced in the load 3 by the magnetic field. 

The load 3 filled with a large amount of water is heavy and is not lifted 
or displaced even when the heating output of the inverter 1 increases to a 
predetermined level. Therefore, the load 3 is heated continuously at the 
predetermined level. Then, the water in the load 3 is partially evaporated 
and has an amount decrease, the ascending force acting on the load 3 
accordingly becomes greater than a total weight of the load 3 and the water. 
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thus lifting the load 3. In this case, the second detector 9 detects the lifting 
of the load 3 and measures the heating output at the time of the detection or 
before or after a predetermined period of time from the detection so as to set 
the heating output to a level smaller than the previous output. 
5 As described in above, the induction heater of the embodiment can heat 

the load 3 while not causing the load to be lifted at the start or during a 
stable output regardless of a predetermined level of the heating output. 
The heater decreases the heating output to a level smaller than the 
predetermined level if the load 3 is possibly Ufted or displaced by the 
10 predetermined level of the heating output. 

Upon detecting that the load 3 is Ufted or displaced, the second detector 
9 may indicate the lifting visually on the display 7 and/or audibly through a 
notifying unit 8. 

Fig. 2 illustrates a waveform of an output of the heating output 
15 detector 4 of the induction heater of the embodiment. The first detector 6 
measures the output of the heating output detector 4 not at the starting but 
while the output of the inverter 1 detected by the heating output detector 4 is 
stable at a predetermined level. When the load 3 is lifted and increases the 
distance between the heating coil 2 and the load 3, a magnetic coupling 
20 between them accordingly decreases, and a power consumption of the load 3 
decreases. This makes the heating output of the inverter 1 smaller than the 
predetermined level at its stable condition, and accordingly, reduces the 
source current, and then, a detection voltage from the heating output 
detector 4 becomes smaller than a level corresponding to the output of the 
25 inverter 1. The load 3 is not usually fixed. If being lifted, the load 3 is 
laterally displaced on and along the plate 10a, and the position of the load 3 
becomes stable if a distribution of the weight of the load and a distribution of 
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the ascending force are stable. After the position of the load 3 becomes 
stable, the distance from the heating coil 2 to the load becomes smaller that 
the distance between them at the time the load is Hfted. This causes the 
heating output measured by the heating output detector 4 to increase up to 
the predetermined level at the stable condition. The first detector 6 then 
measures a period Ta of time (a small-output period) during which the 
output of the inverter 1 measured by the heating output detector 4 returns 
from a first level smaller than the predetermined level back to a second leyel 
larger than the first level. When the period Ta exceeds a predetermined 
period of time (for example, two seconds), the first detector 6 judges that the 
load 3 is lifted or displaced due to the ascending force, and outputs a 
detection signal to the heating output controller 5, The second level is 
smaller than the predetermined level. 

Upon receiving the detection signal from the first detector 6, the 
heating output controller 5 stops the inverter 1 to stop the heating of the load 
3 by the heating coil 2. Then, the heating output controller 5 restarts the 
inverter 1 for gradually increasing its output from a minimum level. When 
the second detector 9 detects the time PO at which the increase of the output 
changes as shown in Fig. 5A, i.e., at which the load 3 is lifted, the heating 
output detector 4 measures the output at the time PO. The heating output 
controller 5 sets the heating output of the inverter 1 to a level smaller than 
the output measured at the time PO. As a result, the inverter 1 can 
continuously heat the load 3 at the heating output as much as possible while 
allowing the load not to be lifted. 

A user may lift up and down the load 3 during cooking. Fig. 3 
illustrates a waveform of an output of the heating output detector 4 in such 
case. A period Tb of time (a small-output period) during which the output of 
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the inverter 1 drops from a first level and returns back to an original level is 
generally 0.2 seconds to 0.5 seconds. Since the period Tb is shorter than the 
period Ta (2sec.) during which the first detector 6 judges that the load 3 is 
lifted or displaced, the first detector 6 does not output a signal to the heating 
5 output controller 5. Consequently, the inverter 1 heats the load 3 
continuously at the predetermined level of the output. 

As described, the small-output period measured by the heating output 
detector 4 is short when the user intentionally lifts the load 3 up and down, 
and the small-output period is long when the load 3 is accidentally lifted or 

10 displaced. This difference allows the heating output controller 5 to 
discriminate the displacement of the load 3 by the ascending force fi-om the 
intentional lifting by detecting the small-output period of the heating output 
of the inverter 1. The small-output period can be measured easily and 
accurately by the above mentioned method, but may be measure by a method 

15 for practically measuring the small-output period. 

When detecting the lifting of the load 3, the first detector 6 instructs 
the display 7 to display an indication of the lifting and instructs the notifying 
unit 8 to audibly notify the user of the Ufting. Thereby, the user 
acknowledges that the load 3 is lifted or displaced. 

20 When the load 3 is intentionally removed off (no-load state), the load 

detector 11 detects the removal of the load 3 before the first detector 6 judges 
that the load 3 is lifted or displaced. Upon detecting the removal of the load 
3, the load detector 11 instructs the controller 5 to stop the operation of the 
heating coil 3 and to decrease the heating output to a small level for allowing 

25 the load 3 not to be lifted or displaced. After two seconds, the controller 5 
restarts the heating operation with a soft startup procedure. When the first 
detector 6 detects the lifting or displacement of the load 3 by the ascending 
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force, the controller 5 stops the heating operation of the heating coil 3, and at 
0.5 second after that, restarts the operation with a soft startup procedure. 
More specifically, the stopping period after the first detector 6 detects the 
displacement of the load 3 by the ascending force is set to be shorter than the 
stopping period after the load detector 11 detects the intentional removal of 
the load 3 by the user. This setting prevents the power (the heating output) 
input to the load 3 from decreasing while the load 3 is Ufted or displaced, 
thereby improves cooking performance. Further, when the load detector 11 
is activated, the power input to the load 3 may be reduced to suppress an 
increase of the temperature of the load when, for example, a small load (such 
as a knife or fork) is placed at the heating position above the heating coil 2. 

According to this embodiment, the heating output of the inverter 1 is 
measured by the heating output detector 4 detecting a current input to the 
inverter 1 for measuring of, however, may be measured not by the method. 
The heating output detector 4 may measure the heating output of the 
inverter 1 from any of a power input to the inverter 1, a current flowing in 
the heating coil 2, a voltage across a resonant capacitor la of the inverter 1, 
or a voltage or current supplied to an inverter component lb of the inverter 1 
which correlate to the current in the heating coil 2, 

According to this embodiment the first detector 6 judges that the load 3 
is lifted or displaced when the period Ta is longer than a predetermined 
period. The first detector 6 may distinguish the intentional lifting up and 
down of the load 3 from the displacement of the load 3 by the ascending force 
by detecting the displacement of the load by the ascending force based on the 
period Ta, for example, through calculating the period Ta and relating the 
displacement to the heating output. 
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Industrial Applicability 
An induction heater according to the present invention detects the 
lifting or displacement of a load by an ascending force of the load, and stops 
or reduces a heating output. The induction heater can heat a load having a 
light weight made of non-magnetic, metallic material having a small 
resistance while preventing the load from being lifted or displaced. Even if 
the load is intentionally displaced, a heating output of the heater does not 
decrease or stop. 



